The aim of this study is to describe a Q fever outbreak that affected the staff of a machine-tool factory in the Basque Country between 2009/12/20 and 2010/02/23. Study subjects were interviewed using a Q fever specific questionnaire and tested for Q fever serology (immunofluorescence assay with phase II antigen) and detecting Coxiella burnetii DNA using real-time PCR. We interviewed and tested 40 employees (90% of the staff). 33 employees, all of them men, had positive serology (attack rate 82.5%, 95% CI: 70.2-94.8). Mean age was 43.7 years (95% CI: 38.7-48.7) in positive men, 33.7 years (95% CI: −16.6-83.9) in negative men, and 36.25 (95% CI: 27.5-45.0) in women (all negatives). 15 cases (45.5%) were asymptomatic, 9 (27.3%) had flu-like symptoms, and the other 9 (27.3%) had developed radiologically confirmed pneumonia. We obtained 28 blood samples, 22 faeces samples, 11 milk samples, and one vaginal swab from 28 goats resting in a stable near the factory. Serology was positive in 18 goats (64.3%). All environmental samples were negative.
Introduction and Background
Q fever is a ubiquitous zoonosis caused by Coxiella burnetii, an obligate intracellular coccobacillus, whose incubation period varies from two to six weeks, depending on the infective dose and host. Most cases are asymptomatic (60%) or have mild flu-like symptoms. Only 20% of infected patients seek medical attention, 2 to 3% are admitted to a hospital and the case fatality ratio is 1 to 2% [1, 2] . Symptomatic patients present with a sudden onset of high fever, chills, severe headache, and dyspnoea. In some patients, the clinical course is complicated by pericarditis, myocarditis, pancreatitis, or haemolytic anaemia. A small proportion of infected patients develop chronic Q fever. Endocarditis is the most frequent complication, about 1% of patients, following Q fever. The most important reservoir are sheep, goats, and cattle. Domestic animals such as dogs, cats, rabbits, and birds can also carry the disease. Ticks are thought to spread the disease among animals. Infected animals excrete the bacteria in milk, faeces, urine, and in high concentrations in amniotic fluid and the placenta. The animals are often asymptomatic except for increased incidence of spontaneous abortion. Infection in humans occurs through inhalation of contaminated aerosols or ingestion of unpasteurised milk. C. burnetii is resistant to chemical and physical disinfectants. A small inoculums is sufficient to cause clinical illness. Human-to-human transmission does not usually occur, although it has been described following contact with infected parturient women.
In The Basque Country, geographically located in the North of Spain, human Q fever is a notifiable disease, considered to be an endemic area of Q fever [3] [4] [5] . Several outbreaks have been recently reported in The Netherlands, 2 Epidemiology Research International Scotland, Slovenia, and other European countries [6] [7] [8] [9] . In Bizkaia, there is a surveillance system in which all declared Q fever cases are systematically followed and studied. In the last four years, the Q fever incidence rate fluctuated from 8.44 cases per 100,000 in 2006 to 3.40 cases per 100,000 in 2009 [10] . Except for two outbreaks in 2008 (involving 7 cases) and one outbreak in 2007 (involving 4 cases), all declared cases were sporadic. Since Bizkaia is considered as an endemic area for Q fever, both medical practitioners and The Epidemiologic Surveillance Unit of Bizkaia are specially aware of Q fever. A recent study about Coxiella burnetii seroprevalence among animals in the Basque Country [11] has showed that the prevalence in sheep was 11.8%, 5.9% in goats, and 6.7% in beef cattle. Moreover, no special animal control measures are being taking by Veterinary and Public Health authorities.
In this paper, we report the results of the investigation of an outbreak among workers of a machine-tool factory, located in Bizkaia, a province of The Basque Country.
Methods

Outbreak Study
Design. On 11 February 2010, primary care services notified to the Epidemiologic Surveillance Unit of Bizkaia two cases of atypical pneumonia. Since both of them worked at the same factory, we contacted with the company manager, who informed that 7 workers more had taken sick leave due to respiratory pathology. Moreover, it was known that the factory was located in a rural area and there was a goat stable around. The nine cases were tested to Q fever resulting all of them positive. The first case was detected on 2009/12/20 and the last one on 2010/02/23. Consequently, on 2010/03/02, to evaluate the extent of the spread of the infection, a seroepidemiological survey of persons working in the factory was conducted. Besides, nearby goats were serologically tested, using the laboratory methods described below.
Study Subjects and Laboratory Analysis.
Study subjects, who voluntary gave their informed consent, were interviewed using a Q fever specific questionnaire that included questions on animal exposure, food history (including consumption of unpasteurised milk), risk activities, work details, tick exposure, and places visited. A 5-mL blood sample was obtained from study subjects in order to test Q fever serology status and C. burnetii DNA presence. Serology was performed using an immunofluorescence assay (IFA) with phase II antigen, determining both IgM and IgG antibodies, using commercially available antigens (bioMérieux, France). Molecular detection of C. burnetii DNA was performed using real-time PCR. Target sequence for real-time PCR was the multicopy insertion element IS11-11 and Com1 gene, known to be species-specific for Coxiella burnetii [12] .
A case was defined as a person who had positive serology for C. burnetii and/or had a positive PCR test. A titer of 200 or greater IgG and 80 or greater for IgM against phase II antigen were considered as significant positive serology [12] .
Moreover, collection of animal samples (blood and milk samples and vaginal swabs) was obtained for PCR and serology analysis. Sera of animals were tested for the presence of anti-C. burnetii antibodies by means of an ELISA test (ELISA Cox kit, LSI-Laboratoire Service International, Lyon, France) according to manufacturer's instructions. Environmental presence of C. burnetii was tested by means of PCR from manure and aerosol samples.
Statistical Analysis.
Proportions were compared using Pearson's Chi 2 test or Fisher's exact test while continuous data were compared by means of Student t-test, using STATA 10.1 and SPSS 17.0. A difference was considered statistically significant when P was less than .05. All information was collected and processed according to Spanish personal data protection law and Spanish biomedical research law.
Results
The factory was isolated and set up in a rural and agricultural area, surrounded by numerous pastures where goats grazed. The plant was divided into two sections: (i) an administrative area with offices which faces a road and (ii) a mechanic workshop, faced to an open area near a stable with goats ( Figure 1 ). There was continuous airflow from the stable towards the mechanic workshop. Just besides the workshop and separated by a wall was the stable with the animals.
At the moment of the study, the factory staff was made up of 44 persons, 91% of which were men. We interviewed and tested 40 employees (90% of the staff), 4 employees rejected to take part into the study. Among those who participated in the study, 36 (90%) were men. The average age of men was 42.8 years (95% CI: 37.9-47.8) and 36.3 years (95% CI: 27.5-45.0) among women. 33 employees (all men) worked at the workshop area, while 7 employees (4 women and 3 men) worked at administrative section. Among those who worked at administrative section, the three men spent part of their working time at the workshop section. Consequently, due to the factory structure, which was divided into two sections, three levels of risk were found among workers: (i) highrisk employees, who worked all the time at workshop area which was near the stable with the goats, (ii) medium-risk employees, who worked at administrative area but used to go sporadically to the workshop, and (iii) low-risk employees who were all the time at administrative area, completely isolated from infected area (Table 1) .
Overall, 33 employees had positive serology, representing, according to case definition, an attack rate of 82.5% (95% CI: 70. 2-94.8) . At the moment of the study, all subjects were negative to PCR analysis. On the other hand, two subjects, at the beginning of the outbreak, had been tested in the hospital and their result had been PCR positive, coinciding with their acute symptomatic process. All of positive subjects were men. Mean age was 43.7 years (95% CI: 38.7-48.7) in positive men, 33.7 years (95% CI: −16. 6-83.9) in negative men, and 36.25 (95% CI: 27.5-45.0) in women, all of them negatives. From a total of 33 laboratory-confirmed cases, 15 (45.5%) were asymptomatic, 9 (27.3%) had flu-like symptoms, and other 9 (27.3%) had developed radiologically confirmed pneumonia (Figure 2 ). The 7 employees whose serology was negative had no clinic symptoms. 100% of symptomatic subjects tested positive to Q fever. Among the 18 symptomatic cases, 13 (72%) consulted their primary care physician and 7 (39%) were attended by emergency services of hospitals but none of them required hospital admission. All cases developed clinical symptomatology between 20 December 2009 and 23 February 2010. All clinical cases showed Q fever common clinical presentation, and no fatal outcomes were detected.
We obtained 28 blood samples, 22 faeces samples, 11 milk samples and one vaginal swab from 28 goats grazing in the surroundings and resting in the stable near the factory. Serology was positive in 18 goats (64%), while PCR analysis was negative in all animals. We also took two manure samples from the surroundings of the factory and two aerosol (air) samples inside the factory that were also negative. Since there was no other ruminant nearby, only these 28 goats were tested. All human Q fever cases coincided with the kidding or lambing season in the area.
Several control measures were taken: (i) all employees were given information about transmission, spread, and prevention of Q fever, (ii) both serologic and clinical control of affected subjects was performed, (iii) veterinary control, including test of goats as well as environmental samples, (iv) all the animals involved in the outbreak were sacrificed and the farming installation setup was removed following indications of veterinary services from Public Health Administration.
Discussion
This is a Q fever outbreak, in which its specific source is the existence of goats near the factory, where employees worked. Although there was not straight contact with the source, airborne transmission of C. burnetii appears to be the main way of transmission. In fact, this is the most frequent way of transmission to humans involving several outbreaks that have recently occurred in Europe [13, 14] . Furthermore, in this outbreak, cases are within the airborne spread area of C burnetii and it coincides with the lambing season.
All subjects who tested positive to C. burnetii showed recent infection because their IgG and IgM titres are quite higher than cutoff for case definition. Indeed, IgM levels maintain high for 8 weeks after infection while IgG levels reach their maximum peak between 4 and 8 weeks after infection. The laboratory diagnosis criteria used in this survey (titers of 200 or greater IgG and 80 or greater for IgM against phase II antigen) satisfies the requirements to be considered recent cases of acute Q fever, providing a positive predictive value of 100% [12] .
When we obtained the samples all subjects were asymptomatic, so the expected result was PCR negative, except for chronic Q fever cases. In spite of detecting chronic cases, PCR was used to discard Q fever asymptomatic cases at the moment of the study. The obtained results are consistent with recent Q fever cases and nonchronic cases. From a prognostic point of view, at the moment of the study all subjects were PCR negative, suggesting that all of them had been recent cases of acute forms of Q fever rather than evolutive chronic Q fever [15] .
All infected employees worked in the workshop section near the stable, and, therefore, they were more exposed to airborne spread. Those who worked at administrative area were far from the stable, and the probability of airborne spread was quite lower. These results are consistent with risk levels defined according to factory structure and work time of workers. In fact, high-risk employees who worked all the time at workshop area, which was near the stable with the goats, had the highest number of cases. A lower number of cases were detected among medium-risk employees, who worked at administrative area but used to go sporadically to the workshop. Finally, no case was detected among lowrisk employees who were all the time at administrative area, completely isolated from infected area. According to these risk areas, a risk gradient has been observed: the highest number of cases occurred among employees who worked full time in the workshop (31 cases), a shorter number of cases among employees who sporadically went to the workshop (2 cases), and no case was registered in the administrative area, which was completely isolated from infection source. Besides, 100% of medium-risk cases were asymptomatic, while among high-risk employees, 55% had showed clinical manifestations of Q fever and 27% developed pneumonia.
Nevertheless there are studies that show a higher Q fever incidence in males [13, 14] , the sex does not appear to be a relevant risk factor in this outbreak. In fact, the reason to explain that all females were noninfected is that their work placement was the administrative area, which was far from the infection source. Although age could be considered as a risk factor, in this study, the role of age is limited. There are not significant statistical differences between infected and noninfected subjects, in all clinic categories: pneumonia cases (t = −1.27; P = .22), flu-like cases (t = −0.61; P = .54), and asymptomatic cases (t = −1.77; P = .09).
Other kind of exposure sources were dismissed because, apart from their exposure at workplace, none of the affected subjects showed other kind of Q fever risk factor as consumption of unpasteurised milk, risk activities, or tick exposure. Since there was no other ruminant nearby and the specific Q fever questionnaire was negative for other risk factors, only the tested goats can be considered as the most probable source of Q fever cases. Moreover, the factory is located in a rural mountainous and isolated area, so the shedding only affected to the workers of this factory.
The first Q fever outbreak among humans in The Basque Country was described in 1981 [5] . Although The Basque Country is considered to be an endemic area, this is the first time that the staff of a company, whose activity can be considered as at Q fever nonrisk, is affected by this infection.
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Conclusions
In conclusion, this outbreak highlights the fact that Q fever is capable of causing localized outbreaks in apparent nonexposed population, with high attack rates, even in nonhighrisk professionals, due to airborne rather than direct contact spread. The rapid identification of the cause of the outbreak due to high awareness of Q fever and good communication lines between clinicians and public health officials allowed rapid control measures of the outbreak, including drastic veterinary measures. Preventive measures against Q fever are especially relevant in rural areas. Finally, this outbreak investigation emphasizes the importance of maintaining both a robust microbiology capability and collaboration between field epidemiology units, reference laboratories, and health primary care services.
